Abstract This paper outline the basic theory and describes the most significant applications of the MoM/BI-RME method for the modeling of either planar periodic or shielded structures. This method is based on the solution of an integral equation by the Method of Moments (MoM) with entire-domain basis functions. In the case of arbitrarily shaped domains, the basis functions are calculated numerically by the Boundary Integral-Resonant Mode Expansion (BI-RME) method. The MoM/BI-RME method has been applied to the modeling of frequency selective surfaces under plane wave illumination, reflectarrays, shielded microwave printed circuits, and metallo-dielectric electromagnetic band-gap structures. Moreover, it is shown how the combination of the MoM/BI-RME with a plane-wave expansion of the impinging field allows for the determination of the transmitted/reflected electromagnetic field by a periodic surface under an arbitrary illumination.
INTRODUCTION
The aim of this paper is to provide a comprehensive review of the theoretical aspects and practical applications of the MoM/BIRME method, developed at the University of Pavia for the electromagnetic modeling of either planar periodic or shielded structures.
First developed for modeling the scattering properties of inductive [1] and capacitive [2] frequency selective surfaces (FSS, Fig. 1 ), the MoM/BI-RME method has been subsequently applied to the analysis of reflectarray antennas [3] - [4] (Fig. 2) , to the calculation of the dispersion diagram of metallo-dielectric electromagnetic band-gap (EBG) structures [5] ( Fig. 3) and to the modeling of shielded microwave printed circuits [6] (Fig. 4) . More recently, the same method has been combined with a plane-wave expansion technique to accurately model the transmitted and reflected electromagnetic field when an arbitrary wave impinges on an FSS [7] . This paper outlines the basic theory of the MoM/BI-RME method and briefly summarizes the different applications and the most significant designs performed by using the code based on this method. The reliability and efficiency of the method is shown through several design examples spanning from very different application fields. U.S. Government work not protected by U.S. copyright 1008
BASIC THEORY
The MoM/BI-RME method is an efficient modal technique for the analysis of 2.5D electromagnetic structures, either periodic or shielded [1] - [6] . It is based on the solution of an integral equation by the Method of Moments (MoM) with entire-domain basis functions. The peculiarity of the method is the determination of the proper set of basis functions by the Boundary Integral-Resonant Mode Expansion (BI-RME) method [8] . The BI-RME method permits the rapid calculation of a number of basis functions, also in the case of arbitrarily shaped domains. Due to the choice of a suitable set of entire domain basis functions, a small number of functions is usually needed to achieve the convergence of the MoM problem, thus resulting in small MoM matrix problems. Another significant enhancement in the efficiency of the method is obtained by transforming the surface coupling integrals between the basis functions and the modes of the box (in the case of shielded structures) or the Floquet modes (in the case of periodic structures) into line integrals [9] . A block diagram of the MoM/BI-RME method is shown in Fig. 5 : it is evident that the numerical determination of the entire-domain basis functions is performed only once, before the frequency iteration. The limited number of needed basis functions and the efficient calculation of the coupling integrals as line integrals give a significant advantage, because the filling and solution of the MoM problem is repeated at each frequency. 
APPLICATIONS
The MoM/BI-RME method has been applied to the solution of different electromagnetic problems. The most important applications are described in this section.
Frequency selective structures
The MoM/BI-RME method was first developed for the analysis of inductive FSS, consisting of a thick metal plate perforated periodically with arbitrarily shaped holes (Fig. 1a) [1] , and subsequently extended to the case of multiple screens, possibly including stepped holes [10] . This method was implemented in a computer code, which was used for the design of dichroic mirrors for deep-space antennas [11] (Fig. 6 ) and of quasi-optical filters for harmonic selection in the THz region [12, 13] (Fig. 7 ). Afterwards, the MoM/BI-RME method was also applied to the analysis of capacitive FSSs, consisting of a periodic array of arbitrarily shaped metal patches in a stratified dielectric medium (Fig. 1b) [2].
Reflectarrays
As a by-product of the analysis of FSSs, a code for the design of reflectarrays (Fig. 2) was also developed and the performance of novel patch shapes have been investigated [3] , [4] .
Electromagnetic bandgap structures
Another significant application of the MoM/BI-RME method concerns the analysis of metallo-dielectric electromagnetic bandgap structures (MD-EBG) (Fig. 3) , with the aim of calculating both the dispersion diagram and the reflection phase diagram [5] ( Fig. 8) . In the framework of this activity, a novel technique for the search of the zeros of determinant of the MoM matrix has been developed [5] .
Shielded printed circuits
The method has also been applied for the calculation of the scattering matrix of shielded printed circuits with arbitrarily shaped metallization and stratified dielectric medium (Fig. 4) [6] . In this case, the kernel of the Green's function is related to a combination of resonant modes of the enclosing metal box. A novel set of basis functions was developed in this case, which can be efficiently calculated by the BI-RME method.
Interaction between feeds and dichroics
Finally, the method has been extended for the accurate calculation of the transmitted/reflected electromagnetic field, when the illumination of the dichroic mirror cannot be approximated by a uniform plane wave, as in the case of a corrugated horn. To this aim, an approach based on the expansion of the near field generated by the horn into a discrete set of uniform plane waves is used and the transmitted (reflected) fields are calculated weighting the plane wave spectrum with the transmission (reflection) coefficient of the dichroic at the proper angle of incidence [7] .
As an example, the radiation pattern generated by a corrugated horn and transmitted through a dichroic mirror is calculated. These components are installed in an European Space Agency (ESA) beamwaveguide (BWG) antenna, and the dichroic is designed to be transparent between 34.2 GHz and 34.7 GHz for the nominal incidence angle of °. A set of 50 plane waves was considered to expand the near field of the feed, which permitted to properly represent the near field down to -50 dB below the peak. Fig. 9 shows the good agreement between simulated and measured results both for the co-polar and crosspolar component. Comparison between the proposed plane wave expansion (PWE) and measurements (meas.) for different -cuts.
CONCLUSIONS
The MoM/BI-RME method is an efficient hybrid technique for modeling planar periodic and shielded structures. It has been successfully applied to the modeling of inductive and capacitive frequency selective surfaces, reflectarrays, electromagnetic bandgap structures, shielded microstrip printed circuits. A number of numerical and experimental results have been reported, including the accurate modellization of the interaction between a periodic surface and a non plane-wave illumination. 
